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FIRE MANAGEMENT RAMIFICATIONS OF HURRICANE HUGO’

J. M. Saveland and D. D. Wade2

ABSTRACT: Hurricane Hugo passed over the Francis ~arion National Forest on
September 22, 1989, removing almost 75 percent of the overstory. The radically altered
fuel bed presented new and formidable challengesto fire managers. Tractor-plows, the
mainstay of fire suppresston, were renoered ineffective. The specter of wind-driven
escapedburns witn no effective meansof ground suppressionprompted t~ie State of Sout.
Carolina to ask for a 12-month voluntary ban on all orescribedburning in Hugo affectec
areas. Emergency federal funding was used to augment existIng fire suopresszor.
ca~ac~~~ties, construct :ue±oreaks, and implement a prevention camDai~. The
allocation of funds amonm various fire managementactnv~i~s ~s analyzed us~nz the
ana~vt~c nierarony process.
KEYWORDS: Hurricane ango, :zre management,analytical hierarcoy process

INTRODUCTION

ee:ore cawn on Sep~mb~ T2, 1989, Hurricane Hugo came ashore just north of
Charweston, SO, crossed the Francis Marion National Forest (FMNF), and left a swath of
oestruction that stretch~o ~ across the State. Hurricanes are fairly commo in the
South, with about 120 having made landfall between Texas and V~-’hr~a since 1899 (NOAA
1977, USACE 1986). Tne FMNF has been subjected to hurr~an~-~’orce winds about once
every 16 years. But Hugo ‘as the first category TV hu~cane (maximum sustaanec w~d~
of 131 to 155 mph) to strike this part of the coast during this century (Neumann et al,
1987, USACE 1986).

The conseouences o: Hugo on :orestry, the State s third largest manufacturzng
andustrv, were dramatic. The area traversed by Hugo was heavily forested and one of
~he major timber producing areas of the Nation. Forest devastation from Humo was
greater than the combined damages of Hurricanes Camille (the only class V hurricane tc
make landfall on the U.S. this century) and Frederick, the eruotion of Lourt St.
Helens, and the Yellowstone fires. The blowdown area encompassed 8,800 square miles,
the largest from a natural disaster in U.S. history. Approximately 36 percent of the
12.2 million acres of forestland in South Carolina was damaged, and merchantable
overstory loss on the 230,000 acre FMNF approached 75 percent. Total value of the
timber damaged in South Carolina was estimated at over $1 billion. Sawtimber loss
alone totaled 6.7 billion board feet, three times the annual harvest and enough timber
to construct 660,000 homes.

‘A paper presented at the 11th Conference on Fire and Forest Meteorology, April
16-19, 1991, at Missoula, MT.

2Jaines M. Saveland and Dale S. Wade, USDA Forest Service, Southeastern Forest
Experiment Station, Rt. 1, Box 182A, Dry Branch, GA 31020.



FIRE MANAGEMENTCONSIDERATIONS

The radically altered fuel complex presentsnew and formidable challenges to fire
,nagers. me enormous amount of downed timber could east:- result in another
Lsaster. large—diameter jackstrawed fuels rendered tractor-plows, the mainstay of
Lre suocressoonon coastal South Carolina, virtually useless. With the forest canopy
~movec, ground-lev& w~cd so~ed~ w=ll increase resu:t:ng on oncreasedrates of fire
,read. The cotencia: :or we~ oeve.Locecconvection columns coucled with the acuncant
~reb~pcA material will, on turn, si~ificantly increase the ~ ½oodof long-range
~ct :ores. As the ceoros cecays, problems associate: w:tn mop-up, air ouaocv, anc
isibilitv will increase. Reduced overstore comoetition an~ ½~reasedlevels of
dn.Lzgnt rea~Thg e :ore-orone unoerstor\- wo.J cromote even more vigorous oanc
cowan.

Prior to Hum:. orescribed fire was the treatment 0: oncoce to sucoress tne
ncerstorv an~ ~o’~e -~ n~ardousbuilduc of fuels on -h~ crest floor. For exancle,
ce rMNF trea ~ aco’~ 50.OY acres yearly (a ~4- to 5-v~a~ ~v~le) . The cuescic-’ ~ __

Se :o..icwon u w~ n~ a somc:e cecosoon: mar-v ~ iccal factors had to be
onsocerec. wo ~ g ~arrec :ue~s cecay acore a ~ ~ow~ can unburnec tree
cems~ _ow ~- ~ e~ wou~c onceecconsumem~nx fin: fuels, but couocw
oreone onte~ ~s c m tamed? Backing fires mi~’~ ~ firelineintensotoes at
o acoecta:~ c ~culd the increase: mamn’ c one cowowaro neat :ux
urtcer stress toe rc~ ~vs’ems of the remair‘og cv~rstcrv trees? 0ve~ c=~-~
cc cavity trees used ~ ~~-~cckaded wocdceck~-~ (D~~d~ b~’~ -~‘~ ~

00~\ -~ -

ndanceredso~~ ~; w~’~ coscroved (Hocoer e - - . ~ne utmos- “--‘a tao to oc
cr~cect tccs~ -~ma’ ‘-acm. ½~~ a ~ wou~c cestrov one c -~ ceeccroc.

ov new germ~nar~ g tine ? ~ ‘~ ~~ sees does not a cormant
erocd), and a ccrtic’ c~ c advanceremener o These cord~’’~ ‘~-~ ~o ‘tIed viti
:ne specter 0: wonc-c~ ‘~ ~scacec :ores woto n~ ~‘ ‘~cc:ve means of g’c~-i~ ~“ccressi on
~romoced the State of South Carolina to asp: :or a voluntary ~-mcntn can on a
rescroceccurnongon Hugo-a areas.

how great os tce toreat of catasorco—’’- - -‘e? ~e searchec ccc avaoaoe
~terature cc see wnat mitigation measuresano :ore losses have ccc”’~’- - tce wa=~

otoer malor U.S. h’~ ~ Several category IV and one categcry V hurricanescave
:ausecsevere camagecc :oresceo areas in the ~outn wotoon ccc cast ~0 years, cut none
lave ceen : c~owec cv the catastrochic wildfires envisioned by __-e manage~ Th~
,ctentoao exosted, but :cr numerous reasonsonose :ores tnac occurrec coo no: ove

or~c~ons and there:ore were cot recorcec on tne ~-u~

Hugo, like many crevicus curri canes, createc an untenable pctentoa~ :or
iestructive w~_1d~e becauseof the dramatic ~ ~n downed fuel loadings, Thus
~c ½ter-agencyplanning teamwas brouoht in cc develop a wild:ore cazard reductoonano
~itigation plan. Based on this clan which emohasizedtimber salvage, fire oreventoon.
?ire suppress ion, ama :uels management ~rown cc a1 ~ the Federal Emergency
4anaeementAgency (FEMA) author~z~d initial ~‘und~ng of 58.3 million for the 9-month
erood ending September1990. An additional S14 .2 million funded PhaseII (Freeman et

al. 1990) through September 1991. The USDA Forest Service earmarked 51,266,000 in FY90
and 5700,000 in B791 to address emergency fire management neecs. In addition, S500,000
on utre Emergency Act funds were distributed to 117 fire decartments in the Hugo area.
T’hus, roughly S15 million in supolemental funds has been allocated for fire management
iuring the first 2 years since Hugo.

The South Carolina Threstry Commission (SCFC) conducted one of the most intensive
fire orevention campaigns in our Nation ¶ s history. This campaign, dubbed “GIMME 12,’
cost In excess of 5730,000 and was a citizen-to-citizen plea to avoid outdoor burning
for 12 months. The program involved direct mailings, posters, street and parade



banners, and school campaigns. The hardest hit areas were saturated with television
and radio advertising. T-shirts, caps, hats, and other items were given away to be
used as walking reminders of’ the “GIMME 12” message. Personnel from the Witherbee
Ranger District, FMNF, yisited every church and school in the vicinity to talk about
fire prevention. The fire prevention campaign heightened public awareness of the
hazards of outdoor burning.

To beef up its fire management capabilities, the SCFC leased additional
fire-fighting equipment and hired and trained supplemental fire personnel. Two
additional detection aircraft were contracted and the flight hours of all detection
aircraft were extended to increase the probability of early discovery and reporting of
fires. Water-bucket equipped helicopters and two Canadian CL-215 water bombers were
contracted to speed up attack time and improve suppression. Combining these aircraft
with heavy bulldozers, nurse tankers, and new k-wheel drive pickups with slip-on
pumpers greatly enhanced the fire control and mop-up effectiveness of ground crews.
The FMNF augmented its existing fire management forces by purchasing additional
equipment and bringing in fire crews and equipment from other national forests as far
away as Idaho and Montana.

The first year, fuels management focused on the construction of 20- to 30-foot
wide fuelbreaks around high-risk communities and individual dwellings using FEMA funded
bulldozers, trac-hoes, slashbusters, and chain saws. Approximately 2,800 miles of fuel
breaks have been constructed state-wide including 300 miles of wider breaks on the
FMNF. About 4,000 acres of debris have also been chipped. By the second year, many
public, industrial and private landowners realized prescribed fire was the only
practical long-term solution and resumed their prescribed burning programs. For
example, the FMNF treated 17,000 acres during the 1990-91 dormant season.

ANALYSIS OF DECISIONS

How effective was this combined approach involving fire prevention, suppression
capability and fuels management in avoiding catastrophic wildfire? It is extremely
difficult, yet important, to analyze these multimillion dollar decisions. The rest of
this paper provides a first step at developing a method for fire management
decisionmakers to analyze such decisions.

The 1990 Spring fire season ended with a 40 percent reduction in fire occurrence
statewide. No major fires occurred and only one occupied residence was lost. The
CL-215’s made initial attack drops on 200 fires. Table 1 shows the total fires and
acres burned for 1973 through 1982 on the F~4NF along with the maximum value of the
Keetch-Byram drought index (Keetch and Byram 1968). The weather records for 1983
through 1989 are not archived in the national data library. On the F1~’IF, 1990 fire
occurrence was reduced by more than 50 percent; 59 wildfires burned about 130 acres.
However, the Spring 1990 fire season was abnormally wet, and the extent to which this
wet period influenced the outcome cannot be determined.

Wet weather occurred again during the Spring 1991 fire season. The WambaRanger
District had numerous incendiary fire starts but all were held to a few acres.
However, a dry cold front passed over coastal South Carolina in late March bringing
near-record low relative humidity. As of the April 24th situation report, the FMNFhad
recorded 52 wildfires that burned 2,199 acres, most of it on March 24th. During this
same period the State recorded 218 wildfires that burned 1,192 acres.
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able 1. Maximum Keetch-Byram drought index, total number of fires, and acres
urned for the Francis Marion National Forest.

4’

YEAR MAX. KEDI TOTAL FIRES TOTAL ACRES BURNED

1973 463 89 664
1974 579 121 1894
1975 411 74 683
1976 496 172 2091
1977 695 130 1028
1978 597 233 4224
1979 628 89 795
1980 617 149 2338
1981 613 264 4810
1982 415 79 1198

A cursory review of the outcome (reduced fires and acres burned) indicates am
:ffective allocation of dollars. Yet, judging the quality of a decision solely by the
utoome can be dangerous. Due to chance, good decisions can sometimes have bad
utoomes, while bad decisions can result in good outcomes:

Outcome
Good Bad

Good Objective I Unlucky

Decision Bad Lucky Deserving

n addition to evaluating the outcome, it is wise to look at the decision process
tself. Russo and Schoemaker (1989) examine common pitfalls for decisionmakers.
ecision trap number 10 is a failure to audit the decision process. Failure to
nderstand one~s decisionmaking leaves one constantly exposed to the other nine
ecision traps (Russo and Schoemaker 1989). The analytical hierarchy process (AHP)
Saaty 1988, 1990) can help make decisions and audit the decision process.

AHP is a method of breaking down a complex, unstructured situation into its
omponent parts; arranging these parts or variables into a hierarchic order; assigning
umerical values to subjective judgments on the relative importance of each variable;
nd synthesizing the judgments to determine which variables have the highest priority
nd should be acted upon to influence the outcome of the situation (Saaty 1988). AHP
rovides a transparent decision process to make explicit, informed tradeoffs. AHP can
uantify intangible, non-economic factors that so far have not been effectively
ntegrated into decisionmaking. The process is particularly useful for allocating
esources, planning, analyzing the impact of policy, resolving conflicts, and group
ecisionmaking.

The first step in the A~ is to construct a decision model, with a goal at the top
f the hierarchy, one-to-several layers of factors that are considered in the decision
n the middle of the hierarchy, and the alternatives at the bottom of the hierarchy.
igure 1 shows a sample decision model for fire management in the wake ‘of Hurricane
ugo. The goal is to select the mix of fire management activities that best meet fire
nd resource management objectives.
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Factors to consider in the decision model include the threat of catastrophic fire and
the impact of fire management activities on other resources. Note that other factors
like public acceptance can be modeled. The decision model and analysis presented here
are meant to illustrate the process rather than to analyze it comprehensively.

Figure 1.
alternatives.

Simple decision model for allocating funds among fire management

Once a hierarchical decision model is developed, exhaustive pairwise comparisons
are mace at each level in the hierarchy. For example, the importance of fire
management objectives is compared to the importance of wildlife objectives. A
nine-point sale is used from equally important (1), to moderately more important (3),
to strongly more important (5), to very strongly more important (7), to extremely more
important (9). Fire and tImber, fire and recreation, fire and air, fire and soil and
water, wildlife and timber, etc., are compared in turn. At the next level in the
hierarchy, pairwise comparisonsbetween alternatives are made in relation to meeting
the various fire and resource management objectives. For example, increased
suppression capability is compared to a prevention campaign for effectiveness ~n
meeting fire objectives, wildlife objectives, timber objectives, etc. The same
nine-point scale from equal to extreme is used.

To illustrate the process, a Forest Service line officer, a Forest Service fire
staff officer, the authors of this paper, and a State of South Carolina fire staff
officer went through the exercise of making the pairwise comparisons for the above
decision model. The results are shown in Figure 2. Although we could not track the
specific breakdown of expenditures, it appears that the allocation of funds mirrors the
State fire staff officerts allocation.

Select mix of fire management activities that best meet~ fire

and resource management objectives.

GOAL
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0.7
PercentAllocation

ocure .now a -ore~ S~’~oe line officer, a Forest Service fire staff offo ocr. tne
~ucnors. and a State of South Carolina fire staff officer would alloc~ ~nA~ ~g amo~g
~uocres5ton capaoooty, prevention camo fuel brea~s, anc orescribed fire; give~.
:ne o~o’~ model ir gu~

-n~ ~~rcny can be exam~~~ ~o exolore the reasoning benonotne
monsoon. to” ~xam~ e. ogure ~ snows one relative imoorcancetnat eaco nerson coacec
~n tne varnousoccosoon:actors. or one state fire staff of:zoer, tne most imoortant
?aotcr was meetont fire management oo~ectives, followed dv the effects of the

nacf yes on the comzer resource ane tne ano resource. ne roreso Ser~
ocer onozoatec tnat one e: cots on soo.. ann water resources were tne most moortan:

?aocor. Various ocoole will weigh the decision factors differently acoordino
~wn values ann neoefs. AHF orovides a metnoc or anveonmeno oecosoonmaaerscc

0ommu~A~~ ~ne factors they are consocerono~n ~h~r decisions cc tne oucoo ann tne
ociaciye imoortance of each factor in the decosoon.

Figure 3.
individual.

The relative importance of the six factors in the decision model for’ each

0.0

0.5

0.4

0.1

0.2

0
F’S - Line F’S - Staff Reaearcn I Researcn 2 State Staff

Sup presaior ~ prevention ~ Fuel areaka K~ ~ ~reacrl~eo Fire

Relati e Importance
0.7

0

Wildlife

~ Air

—
~ Recreation

F’S - Line F’S - Staff Research 1 Research 2 State - Staff

Timber

Soil and Water
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A sensitivity analysis can also be performed at each level in the hierarchy. For’
example, for the Forest Service line officer, the effect of the fire manageme~~
alternative on soil and water resources was important (0.41 from Figure 3). At 0)41
prescribed fire is slightly more important than suppression capabili~ty (Figure 4). If
soil and water were increasingly important, the preference for prescribed fire would
~ncrease at the expense of suppression capability. If soil and water were judged to
be less important, the preference for suppression capability would increase at the
expense of prescribed fire. Changing the relative importance of soil and water would
not have much effect on the relative preference of prevention and fuel breaks for the
Forest Service line officer.

Percent Allocation
0.7

0.4

0.Sh

K —

0.2

0.1

0 0.2 0.4 0.8 0.8 1
Relative Importance of Soil & H20

— Sup preaaIo~ preventIon Fuel Break. Preacribed Fire

Figure ~ ~ analysis for the Forest Service line officer.

In summary, because of chance, good decisions can lead to poor outcomes and poor
decisions can result in favorable outcomes. In evaluating decisions, the decision
process must be examined along with the outcomes. A~ provides a transparent decision
process so that the reasonIng behind a decision can be examined. An example of
ailocating funds among various fire management activities in the wake of Hurricane Hugo
demonstrates the power of AHP to provide decision support and to audit the decision.
The allocation of funds between suppression capability, prevention campaigns, and fuel
breaks has been effective to date in alleviating the symptom of catastrophic wildfires.
As the emphasis on prescribed burning increases, the disease of excessive fuel
accumulation begins to be cured.
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